Prangos ferulacea (L.) Lindl (Umbelliferae) is a forage and medicinal plant that grows in central Asia. This study was carried out to determine the nutritive value of P. ferulacea, which is often used as animal fodder. Plant samples collected from two elevation levels (2200-2900 m) of western Iran were evaluated at two stages of maturity, flowering and seeding stage for fertile plants and at 42 and 62 days after leaf emergence for infertile individuals. The nutrient composition, including metabolizable energy (ME) and digestible dry matter (DMD), crude protein (CP), water-soluble carbohydrate (WSC), acid detergent fibre (ADF), natural detergent fibre (NDF) and crude fibre (CF) contents were measured by near infrared reflectance spectroscopy (NIRS) technology. The stage of maturity and type of plant (fertile and infertile) were significantly related to the CP, ME, NDF and ADF contents. Based on multivariate analysis (two-way ANOVA), the phenology, individual and phenology × individual interaction factors had the highest effect on nutrient composition parameters. Based on our findings, we proposed that infertile plants at 42 days after leaf emergence stage represent the best quality fodder. Elevation level did not significantly affect forage quality.
Introduction
Forage plants on rangeland play an important role in improving animal performance and can resolve forage and fodder issues for many countries. The nutritional characteristics of these crops are necessary for evaluation and determination of their economic and biological values. A total of 363 species and 114 genera of apiaceae are known from Iran, of which 114 species and 12 genera are endemic (Rechinger and Hedge, 1987; Ajani et al., 2008) . The genus Prangos includes 30 species, 15 of which grow wild in many regions of Iran which five are endemic (Mozaffarian, 1996) . Prangos ferulacea is found in the Balkans, Italy, Sicily, W. Syria, Caucasia, Turkey and in 13 provinces of Iran (Ghahreman, 1997) . This species is well-known for their economic importance in the form of diverse essential oils and high forage quality (Ayres et al., 1994; Sefidkon et al., 1998; Razavi, 2012) . Due to the essence in aerial parts, the species is not grazed directly and is used as winter fodder (Moghimi, 2004) . The forage quality of plant is comparable to alfalfa. Its crude protein is less than that for alfalfa, but its metabolizable energy is higher . The biological properties of P. ferulacea show that it is polycarpic perennial (polycarpic plants flower and fruit more than once in their lifetimes) (Reuther, 2013) .
P. ferulacea individuals seed 5% to 70% annually; this species has both fertile and infertile individuals in their growth environment (Gheitoori, 1997) . Plants show wider physiological and ecological responses, functional diversity, growth rates, productivity, population and community dynamics at different scales (Ackerly et al., 2000) . When they are subject to less than ideal sub-optimal growing conditions such as waterlogging, drought, high/low temperatures, and excessive/extreme soil salinity, they are considered to be under stress and this stress directly effects production and yield (Gursoy et al., 2012) . Environmental stresses also trigger simultaneous up-and down-regulation of a large number of genes through close control of genetic behavior (Genctan, 2012) .
Previous studies have indicated that plant forage quality depend on the stage of maturation, environmental conditions and type of species. (Dierig et al., 2006; Panahi et al., 2012; Milošević et al., 2013) and the nutritive value reduced in the final stages of maturation Valipoor Dastenai et al. 2012; Oktay and Temel, 2015) . Troelsen and Campbell (1969) speed, simplicity of sample preparation, multiplicity of analyses with one operation, and non-consumption of the sample (so that it can be analyzed again by the same or another procedure) and does not usually require labor-intensive sample processing, allowing for large-scale sampling. Timely decision-making on the strategic use of nutritional supplements or adjustments for ration formulation that efficiently sustain milk, meat and fiber production is also facilitated by this method. Although development of an NIRS labo-ratory entails significant initial start-up costs, it is relatively inexpensive in the long term (Abrams et al., 1989) .
As well as, it allows for the determination of multiple values (e.g. CP, DMD, WSC, ADF), NDF and CF in a single analytical procedure (Panahi et al., 2012) .
The study was conducted to: (1) assess the feed value of P. ferulacea at different growth stages and at different elevations; (2) determine whether the fertility and infertility of plants of the species influence nutritional quality by NIRS and; (3) Introducing the best type of plant and harvest date for fodder.
Materials and Methods

Study area
This study was conducted in the Bistoon mountains of Kermanshah province in Iran (north-eastern slope at 34°27′ N and 46°55′ E).The average annual temperature and annual rainfall are 11.88 ºC and 650 mm respectively that more precipitation is snow. At altitudes from 2200 to 2900 m. the plant grows. The site soil is classified as a Regosolic, in the upper 5 cm of the site soil below the litter layer, total soil nitrogen, total soil phosphorus and potassium per unit soil volume are 0.46 (%), 37.6 (p.p.m) and 610 (p.p.m), respectively (Gheitoori et al., 1997) . Field experiments were conducted during spring and summer 2014. Samples were dried without conditioning and were ground in a laboratory mill until they passed through a 1 mm pore size screen for chemical analysis.
Plant materials
Experimental procedure
NIRS analysis requires a sample to be exposed to an electro-magnetic scan over a spectral wavelength of to relate the spectra to chemical analysis using wet chemistry or in vivo data (e.g., digestibility and metabolisable energy) (Ulyatt et al., 1995) .
The NIRS for analysis is absolutely dependent on a good-quality reference laboratory and animal data (Corson et al., 1999) . metabolizable energy was calcu- The effect of any parameter and mutual effect of parameters (independent variables) on nutrient content (dependent variables: DMD, CP, WSC, ADF, NDF, CF, ME) were considered using MANOVA.
Pearson's correlation was used to detect the relationships between forage quality and environmental factors. One-way ANOVA was conducted to test for the effect of individuals (fertile and infertile) on nutritional contents because of the significant differences in the nutrient content of tissues of these two individuals. A comparison of means was carried out using Duncan's t-test to describe the nutritive parameters by stage of maturity and type of plant. The means and standard error for parameters (nutritive value) were generated by the descriptive section of the one-way method. Differences were considered to be significant at p < 0.01 and p <0.05.
Results and Discussions
The probability curves in the quartile-quartile and proportion-proportion plot tests were almost linear, which confirms the assumption of data normality (Figure 1 ).
Effect of elevation on forage quality of plant individuals in maturity stages
The nutrient composition of fertile and infertile plant of P. ferulacea species were assessed at two stages of maturity: (1) (Table   1) . For fertile individuals, the nutrient composition was not greatly affected by elevation (p < 0.05).
In stage 2, the DMD content of infertile individuals at elevation 2 was greater than that for infertile individuals at elevation 1. The WSC content at elevations 1 and 2 (infertile) was lower than at elevations1and 2 (fertile). A significant interaction (p < 0.05) was observed for WSC content for all individuals; it tended to increase as elevation increased and the decline for fertile individuals was larger than for infertile individuals. The ME content of infertile plants increased as elevation increased (p < 0.05) ( Table 1) . Table 2 showed the nutritive composition of P. ferulacea at stage 1 and 2. As seen, total forage quality parameters were significantly affected (p < 0.01, 0.05) by type of individual. There was a significant difference between fertile and infertile plants for DMD, WSC, ADF, CF, NDF, ME, and CP content (p < 0.01).
Effect of type of plant on forage quality in flower-
An increase was seen in infertile versus fertile plants for DMD, CP and ME content and a decrease for WSC, ADF, NDF, and CF content. Table 2 ).
The mean of ADF, CF and NDF contents of forage in infertile plants were significantly greater (p < 0.01, 0.05) than for fertile plants (Table 2) .
DMD, ME and CP contents were significantly (P < 0.01) affected by both maturity stage and type of plant. These contents decreased across growth stages from infertile up to fertile individuals.
The mean ADF, NDF and CF contents of forage increased from stage1 up to stage 2, but decreased at infertile individuals than fertile (Table 3 ).
In total of forage quality characteristics, there were significant differences (P < 0.01,0.05) between fertile and infertile plants at growth stages 1,2. Also DMD, CP and ME consentration of infertile plantsin 42 days after leaf emergence stage were significantly (P <0.01,0.05) greater than infertile plants in 62 days after leaf emergence stage, in contrast, ADF, CF and NDF contents were significantly lower. Similar results were obtained for fertile plants (Figure 2) . Optimal harvest timing of Prangos ferulacea (L.) Lindl Dissimilar letters in each row indicate significant differences in the level of P < 0.01**, 0.05*.
Elevation 1: 2200-2550 m, elevation 2: 2550-2900 m, **P < 0.01, *P < 0.05 ns: not significant. Mohebi et al. Table 2 . The nutrient compositions (%) of P. ferulacea (Mean ± Std. Error) at different stages of maturity Dissimilar letters in each row indicate significant differences in the level of P < 0.01**, 0.05*.
The interaction effects of phenology, elevation and individuals on forge quality
Two-way ANOVA revealed that there was a significant effect for phenology and individual treatments ( (Table 4) . Between fixed factors, phenology had the highest effect and the elevation × individual interaction had the lowest effect for nutrient composition parameters (Table 4 ). These results indicated that quality of P. ferulacea forage depend on the stage of maturation at harvest date and type of individual. Based on nutrient data from field-collected aerial parts, younger plants recorded lower DM content but greater nutritional value. Demanet et al (2015) reported that high protein levels were observed in temperate regions pastures of Chile, when the plants have vegetative state with low level of dry matter and fiber, which transforms the forage in a high nutritional feed and a good digestibility value. Marshall et al (2002b) showed that P. ferulacea can be described as a high-energy food stuff that is comparable in value to legumes.
Optimal harvest timing of Prangos ferulacea (L.) Lindl
Consequently, differences in the forage quality of this species when grown with alfalfa are likely to be small . Table 2 shows that both phenology and individual treatments had significant effects on the total nutrient composition of the above-ground biomass of the species. The effect of the phenology × individual interaction on nutrient composition was significantly higher than for other interactions (Table 4 ). Phenology had the greatest effect and elevation had the lowest effect on forage quality parameters. This indicates that phenology and plant factors can play important roles in determining foraging preferences. It appeared that the decrease in DMD, CP and ME was related to an increase in ADF, NDF and CF contents and to the proportion of stem to whole plant as the plant matures. Thus, forage quality of plants has directly proportion to DMD, CP and ME and inversely proportion to ADF (Uniyal et al., 2005; Valipoor Dastenai et al. 2012 ). This result is consistent with the findings by Temel et al (2015) . The difference in forage quality of P. ferulacea between elevations was relatively small, although a significant difference was observed for DMD, WSC and ME, as only elevation treatments led to an increase in WSC and decrease in NDF contents.
These differences were not generally observed at stage 1. This appears to be the result of the relatively low elevation range of this in the sampling (700 m).
The WSC content increased as the elevation in- The lowest and highest ME was related to fertile plant in stage 2 (8.07 MJ kg -1 DM) and infertile plant in stage 1 (9.60 MJ kg -1 DM), respectively. The required ME for animal production with respect to animal unit weight in Iran (that is 50 Kg) (Arzani 2009) Figure 2 ) and seeding stage (Table   3 , Figure 2 ). The rapidly-growing leaves from plants in the early phonological stages are generally rich in nitrogen and digestible energy (Crawley, 1983) .
Growth stage had a strong effect on forage quality of P. ferulacea. DMD, CP, ME contents at stage 1 were significantly greater and CF, NDF and ADF were significantly lower than at stage 2 for both fertile plants and infertile plants. Kudo (1991) Further study is clearly required for differences occurring between fertile and infertile plants to: (i) assess potential yield and quality at different sites; (ii) consider feeding experiments with dairy sheep and; (iii) examine economic factors. Table 4 . Statistical analysis of the main and mutual effects of phenology, elevation and individualon nutrient content (DMD, CP, WSC, ADF, NDF, CF, ME) of P. ferulacea. **P < 0.01, *P < 0.05
Conclusions
Factors analyzed in this study showed that both phenological stage and type of individual were effectible for harvesting in terms of nutritional value, but elevation could not be a considerable parameter for forage compared to other factors. When forage quantity is considered, it was determined that infertile plants at 42 days after leaf emergence stage was the most suitable for livestock feed. However as quality losses are little in fertile and infertile species at maturation stage 2, it was stated that both individuals are suitable for feeding in means of fulfilling the nutrition requirements of grazing animals. All the prangos species naturally growing in these areas could also supply a considerable amount of forage with quality compared to conventional fodder resources. As a result, these species can play an important role as an alternative forage resource for livestocks in winter.
